Abstract. Stellar evolution models are a cornerstone of young star astrophysics, which necessitates that they yield accurate and reliable predictions of stellar properties. Here, I review the current performance of stellar evolution models against young astrophysical benchmarks and highlight recent progress incorporating non-standard physics, such as magnetic field and starspots, to explain observed deficiencies. While addition of these physical processes leads to improved agreement between models and observations, there are several fundamental limitations in our understanding about how these physical processes operate. These limitations inhibit our ability to form a coherent picture of the essential physics needed to accurately compute young stellar models, but provide rich avenues for further exploration.
Introduction
Stellar evolution models are essential for understanding the time dependence of astrophysical phenomena. Theory provides absolute ages of stellar systems, which are particularly consequential for young populations, where a variety of processes are on-going that lead directly to observed properties of older stars and stellar systems. Ages provided by young stellar models inform our understanding about the lifetimes of protoplanetary disks, timescales for the formation of giant planets, timescales for stellar angular momentum evolution, and the time evolution of stellar magnetic activity. Furthermore, young stellar ages provide information regarding the formation and thermal evolution of stars and sub-stellar objects. Given their role in providing constraints on a number of astrophysical processes, it is critical that stellar models provide accurate characterizations of stellar populations, further necessitating that models yield accurate properties of individual stars.
This review attempts to consolidate our current understanding about the performance of young stellar evolution models and highlight current efforts to improve their accuracy. Development of young star models has a rich history; however, it will not be possible to provide a comprehensive historical review. Several shorter reviews exist for the interested reader (e.g., Stahler 1988) . Nevertheless, much of what we know today is the result of over half a century of hard work and dedication of theorists and observers, alike.
Current Performance
Performance of stellar evolution models can be assessed using two complementary astrophysical benchmarks: color-magnitude diagrams and touchstone stars. Each reveals different information about the successes and shortcomings of stellar evolution models. 2 Gregory A. Feiden
Color-Magnitude Diagrams
Color-magnitude diagrams provide extensive diagnostic information about the validity of stellar evolution models across a range of effective temperatures and luminosities (see Bell, this volume). The current state of modeling color-magnitude diagram morphologies is conflicting, but can be roughly divided into three sub-categories encompassing clusters or stellar associations younger than 20 Myr, those between 20 and 100 Myr, and those that are older than 100 Myr. For the youngest populations, there is evidence of a significant luminosity spread at constant color in color-magnitude diagrams, a spread that cannot be reproduced by a single standard stellar model isochrone (e.g., Hillenbrand 1997; Da Rio et al. 2010) . Observational errors do not appear to be the source of the spread. Instead, spreads are indicative of either genuine age spreads of several Myr resulting from extended star formation processes or they are highlighting effects that result from physics not presently included in standard stellar models. The precise origin of luminosity spreads is unresolved (e.g., Jeffries 2012), but multiple mechanisms have been identified that are able to generate intrinsic spreads in color-magnitude diagrams without the need to invoke extended star formation events. These include mechanisms like starspots (Somers, this volume) and episodic accretion (Baraffe et al. 2010) .
Beyond about 20 Myr, the luminosity scatter in observed color-magnitude diagrams starts to decrease with single standard stellar model isochrones providing more accurate representations of the data. This may simply be due to the fact that relative age differences of several Myr grow increasingly irrelevant after about 20 Myr or it may be the result of non-standard physics playing less of a role in governing the observed properties of stars. For example, the effects of early episodic accretion are only expected to be noticeable up to ages of around 20 Myr before theoretical predictions converge with standard stellar model results. Alternatively, it may be a combination of the two effects. However, this is contrasted by the fact that, for ages below about 100 Myr, there are noticeable disagreements between ages of young stellar populations derived from cool low-mass stars and those from hotter intermediate-mass stars that have reached the main sequence, with ages decreasing as stellar mass decreases (e.g., Hillenbrand 1997; Mamajek & Bell 2014; Herczeg & Hillenbrand 2015) . So, while apparent age scatters at a given color decrease, standard models are unable to provide consistent age estimates across the color-magnitude diagram for young stellar populations, strongly suggesting that there are missing physics in stellar models.
For ages older than 100 Myr, a majority of the stars in young stellar populations are either on the main-sequence or their position in color-magnitude diagrams is indistinguishable from the zero-age main-sequence. The Pleiades provides a characteristic cluster sequence upon which to assess model validity for ages of approximately 100 Myr. The Pleiades has long been a source of trouble for stellar models of low-mass stars, with cooler K-dwarfs appearing to be significantly bluer than model and empirical predictions (Herbig 1962; Stauffer et al. 2003 ). However, current generations of stellar models provide reasonable agreement across various color-magnitude diagrams, as demonstrated in Figure 1 . Models yield excellent agreement in near-infrared (NIR) and optical colormagnitude diagrams until the onset of strong TiO absorption, signalling the beginning of the M dwarf sequence around M V = 8.0 mag. Notably, a single standard model isochrone provides a consistent fit to the color-magnitude diagrams, in contrast with results from younger populations.
Furthermore, agreement is consistent across different flavors of models, as seen in Figure 1 . This improvement appears to be largely related to the adoption of updated model atmospheres used to prescribe bolometric corrections, which adopt recent solar abundances (Baraffe, this volume; Grevesse et al. 2007; Caffau et al. 2011) . In particular, lower oxygen abundances decrease the amount of water absorption in the NIR, yielding better agreement with NIR colors and providing support for their adoption in the face of known problems with helioseismology (Basu & Antia 2004) . Line lists and oscillator strengths for TiO and various monohydrides appear to still be a problem for the coolest models in optical passbands. As may be expected, optical colors are still fairly unreliable when it comes to drawing conclusions about young M stars. Unfortunately, despite the utility of color-magnitude diagrams, they can mask significant errors present in stellar models. Bolometric corrections and photometric colors derived from either theoretical model atmosphere calculations or empirical methods can provide a counter-balance against more fundamental model errors.
Stellar Fundamental Properties
Observations of touchstone (or benchmark) stars allow tests of stellar evolution theory at the most fundamental level by providing direct measurements of stellar masses, radii, effective temperatures, and luminosities. Dynamical systems with measured stellar masses are of greatest interest, as mass is a direct input parameter in stellar models, largely determining the entire evolution of a star. Over the past decade, several studies have leveraged dynamical information from young binary systems to confront stellar model predictions (e.g., Hillenbrand & White 2004; Mathieu et al. 2007; Stassun et al. 2014) . Each study has invariably led to the same result: modern stellar evolution models are unable to accurately predict the properties of young, low-mass stars in binary systems. Hillenbrand & White (2004) demonstrated that young stellar models systematically predict masses that are too small for a given stellar effective temperature and luminosity (radius). Their study relied on a large collection of predominantly astrometric binaries, with a few known eclipsing binary systems. Recently, Stassun et al. (2014) showed that the latest generations of stellar models fair no better than those adopted by Hillenbrand & White (2004) . Using a smaller sample of carefully selected eclipsing binaries, stellar models were shown to overestimate observed masses for primaries, but underestimate masses for secondary stars. Models performed better above 1 M ⊙ than they did below that threshold. Still, models were unable to provide a mean absolute accuracy better than 5% at high masses and no better than 20% accuracy at low masses.
However, one should be concerned about using binary systems to characterize the reliability of young stellar models. Young binary systems are thought to endure numerous strong dynamical interactions during their first few million years, potentially slowing stellar contraction rates by pumping energy into stars. In fact, there is a tantalizing correlation between the presence of significant modeling errors and the presence of a tertiary companion among eclipsing binary systems , suggesting that tidal heating may be important when considering the structure and evolution of young stars.
Nevertheless, investigations focusing on samples of single stars with well determined temperatures and luminosities find internal inconsistencies in stellar models. As with color-magnitude diagrams, comparisons of stellar populations in the theoretical plane show that models predict systematically younger ages with decreasing effective temperatures (e.g., Malo et al. 2014) . This may reflect discrepancies in color-magnitude diagrams being translated to the theoretical plane with the adoption of empirical bolometric corrections. However, Malo et al. (2014) relied on an independent method to arrive at the same conclusion, suggesting the result is a general feature of stellar model predictions.
Progress & Fundamental Limitations
Efforts are currently underway to mitigate the aforementioned discrepancies between young stellar models and observations. These efforts have largely, though not exclusively, focused on magnetic fields and starspots. Magnetic young stars are therefore cooler and larger at a given age than their non-magnetic counterparts, but note that radii of young stars are not "inflated" in the same sense as radii of low-mass main sequence stars; magnetic young stars simply undergo a more gradual contraction.
Magnetic Fields
Magnetic inhibition of convection provides a natural explanation for observed age differences as a function of effective temperature in young stellar associations (see, e.g., MacDonald & Mullan 2010; Malo et al. 2014) . At the same time, decreasing the effective temperature of young stars leads to an overall decrease in internal temperatures owing to their largely adiabatic stratification. Lithium depletion timescales are extended as a result, since it takes longer for stellar interiors to reach temperatures required for lithium destruction (∼ 2.5 MK; Malo et al. 2014) , leading to better agreement between ages derived from the location of the lithium depletion boundary and other methods. Notably, MacDonald & Mullan (2010; and later Malo et al. 2014) showed that the apparent age of 5 Myr derived for the low-mass stars in the β-Pic moving group can be reconciled with the 20 -30 Myr age estimate from the higher mass population, lending some support to the idea that magnetic fields are important in early phases of stellar evolution.
It is encouraging to note that magnetic models of young stars can reconcile ages of lowmass stars with the higher mass population using seemingly reasonable magnetic field properties. Surface magnetic field strengths are ∼ 3 kG (equipartition values in low-mass K and M stars), while interior field strengths are ∼ 50 kG. As tantalizing as magnetic fields may be, their adoption must be approached with caution. Significant uncertainties exist about what constitutes realistic interior and surface magnetic field strengths for young stars, particularly as a function of age and effective temperature. Nevertheless, magnetic models provide firm predictions about surface magnetic field strengths that require validation.
Starspots
An alternative to global magnetic inhibition of convection is that starspots block outgoing flux, causing stars to thermally restructure (Spruit & Weiss 1986; Jackson et al. 2009 ). While starspots are, in part, the physical manifestation of inhibited convection on the surface of stars, their effects on stellar positions in color-magnitude diagrams are distinct. Global inhibition of convection leads to an overall shift of theoretical predictions toward redder colors, primarily due to their cooler effective temperatures. In contrast, starspots create a scenario where there are regions of different temperatures on the stellar surface, leading to emergent spectra and colors that are a combination of flux from various surfaces. Starspots can shift stars toward either bluer or redder colors as a result, depending on the precise areal coverages, temperature contrasts, and photometric colors under consideration (Jackson & Jeffries 2014) . Jackson et al. (2009) demonstrate that spotted models can match observed morphologies of color-magnitude diagrams and fundamental properties of young low-mass stars. In particular, redistribution of flux throughout the stellar convection zone leads to unspotted regions of a star appearing hotter than for the same star without spots. This provides a natural explanation for the observed blue color of Pleiades K dwarfs and excess flux in blue regions of K dwarf spectra (Stauffer et al. 2003) . Since spots also block outgoing flux, they can slow the contraction rate of young stars in much the same way as magnetic inhibition of convection (Jackson & Jeffries 2014) . Finally, starspots may provide an explanation of observed spreads in color-magnitude diagrams and spreads in measured lithium abundances in young stellar populations (see Somers, this volume).
However, as with magnetic fields, spotted models must be approached with caution. There is some empirical data yielding estimates of starspot areal coverages and temperature contrasts, but only for a few isolated cases, making the process of validating spotted model predictions difficult. Synthesizing data from several color-magnitude diagrams and photometric lightcurves is currently the best means of constraining these models. Still, starspot physics is not very well understood. It is not clear that flux trapped by any given starspot is redistributed throughout the convection zone before the star is able to radiate away that excess energy (e.g., Spruit 1982) . Nor is it understood how this redistribution occurs: is flux completely redistributed without a need for the star to restructure, or must a star thermally restructure? These are interesting questions that we are now beginning to address, at least in the context of stellar structure and evolution. Often ignored for simplicity, starspots may come to play an important role in our understanding of young, low-mass stars.
